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Progress in protein kinase B 



WAN G Hua r ;zu , Q3N GWg - gu5 * ' 
(Life Sffteri&e 'T^kj^^j^Zh^i^^ffHi^^ity . Hangzhou 310027, China) 

lA Revi$^\j Protein kinase B (Akt) is a Ser/ Thr kinase .which in mammals comprise three highly ho- 
mologpus members known as PKBa/Aktl , PKB3/Akt2 and PKBY/Akt3. PKB is activated by hormones >growth 
factor and extra cellular matrix. The activation occurs downstream of PBK PKB pho^hoiylates and regulates 
the function of many cellular protein involved in processes that include survival , apoptosis , proliferation , 
glycogen metabolism and cancer progression. Although many mechanisms remains to be fully characterized , the 
research of PKB is thought to have a useful prefect. 
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Ser/ Thr filfiti B (protein kinase B ,PKB) 

MMMB^fc 10 ¥ tefe-nft^mi* 60 kD m 
us Mmmnmm- 3mm^m(miomm^m 
^m^mmnmm <= ,pkb %^ 

mm-tm^MMmm « m\- ,pkb m^mm^ > 



1 PKBrftW^ftfjfc 

PKB/ Akt m2£MWm.WM 1977 Staal 
# [1] ^EP|g — #3I*^^^3^#(T- 8 strain from 
AKR/J mouse ,AKT8) - MR%M ,AKT8 -g^— irtlffl 
0^Wi®*H^!l Akto £&^H^Jltt DNA 
^^^SlTW^A^Iel^^iAKTl ffi AKI2o 
AKT1 ^g-^«+WrJt»^BJ 
»«MIWIfifft!l. Staal #SitijE 
7 AKTS ^^W«**«*#f:E^W^^ = 

1991 ^ .aci^t-^to^ Akt mmm . 
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mn^BMmm pka. m pkc nsmm Mft%^& 

%J PKBa/Aktl ^PKBpV Akt2 ffl PKBr/Akt3 » $P4^ 

fL^M^-fe^saT^-^da i) .ft/asm^ 

-t- N - ^ PH ^ >— ^#SI#ft^fP— c - * 

*fUr*. Jones ^ [3] £TO PKBfJl £ C 

-t-^ 40 ^s;*mW5g#fP^,-^isi#^^ 

Ser473 ISTO^ «<6"# 28 'MK&ftft PKBy *g It , 
PKByl # C- HINt-^r 1 ^* 14 ^M*^/&rft#^ 
Jf"?fl o V - AKT 7^ PKB/ Akt tfyM^WJ^S . DPKB 
- 66 fP DPKB - 85 SAJM|II*JK t T*#Wtfi W 
PKB/Akt^S; = 

Catalytic Regulatory 
d omain doma in 

PKB a 
PKBP 

PKBy 
PKByl 

v-Akt(Gag-PKB) 
DPKB-66 
DPKB-85 

Hg 1 The domain structure of the protein kinase B (pkb) / Akt fam- 
ily (from Brazil et al [2J ). 

ffli PKBmmm^mmmm 



PH 
domain 
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2 PKB MINIS' 

m&mm mKmmmm^m^mmm pkb , 
vtmftm^m -m$u ,pkb mm pbk^mm 3 
- mmmmmmmrvs 3 a - -mmmmi^ns 

(3 ,4)P2 ,PIP2]fP 3 ,4 ,5 - Hi|^Ull?[Rdlns(3 ,4 ,5) 

P3 ,pip3 ] pkb m ph nt^^G.— jg ,mm 
pkb ,pkb hkmm&mmMM 

m ,%t£.mWLtt>#mmm - Karine ^ 4] £9R -# 

wiiiifiiif . pkb mm 

m.VG^=fm^m^ -—^mm&m 11*308 , , 

^-^itl^m^mm Ser473 o ^J3tof)8 P^iS^ 



Mmm%Lffi% 3 # 

PDKl (3 - pho^JS>iE^aJ||ie -\d|ptej|dent piotein kinase - 
1) M Ser473 Pl^fe^fe^ H>K2. PDKl » 
PKB ift S^^RTfg^ Ser473 MKft^ . 

2.1 IiM^*fn^®4t PKB - Iti* 

£SOT^fc<> PKB M 

PH^ ,3SOT*PKB/Akt W«<. ^rb^JfltffSE 

gs&tt&atiwtr mmm& pkb . ?s#*r 

2A (pretein phosphatase 2A , PP2A) # 
PKB^i^HJ PKB fft^MS^fflfl&J*] Serfn Thra 
SMBTliflfeSeW. Andiellsbvic ^ [5] f IJ^M^ 
^iSc^BI^^^-feH^ (insulin - like growth factor - 
1 ,IGF - 1) it£mmmtit%LM,-p¥B lhr308 fR 

Ser473 ^^M^#® ;RW ^Xfg^ PBKtW 
#J^lJS##«^fn L\294002 0ffflIfJ o Jfcfc^h 
^^SmM^^-tfctilffi® PKB o 

2.2 PKB Ift PBK«1£?§4fc ¥mm±WW%M: 
1&3 PDKWTtJSi. fcfUS PBKlAfR PBK1B 

Wit .IJStWJ* iyr$WfP GSSffi»##r 

omawm-rb pip2 *kmm-m& 

PIP3 o PIP3 Btl7jC« PTEN ^Ml$?rf 3& ,E 

^MH; pkb ji&m pkb gm&iaMKttt ,# 
«&«MR3Wfc ilW#Efctt PDKi fflKft. 

PDKl £ — # Ser/ Ihr %Rg ^ C - ^ PH 

^c,ffl*ji^ 3 - Mm*. PDKi ^mit^m 

pkb mmVc >AMIJ$1A pkb M^WMilo 

trf#F"3&— ^(1hr308 in PKB*) fttiMlftfl&tt 3 - 

PDKi) W« ,ffi^l«tia3E<*|»IK4fcffejSC ,M J. 
tgtJMl^M^e^EllJf^lf^^M^o PKB ft 

mitmSm Thr308 MMfltfh ,BEHf SI Ser473 
m^Balendran # W #tB 1hr308 MttJ5 ,PDK1 

» pkb em— 5fl>*b»» prk- 2 wsaM^ras 



fEffl — ft Ser473 #BS (PDK2) ,PDK2 ' 

Ser473 . Kroner # [7] Thr308 fP Ser473 

Hfe&W 2tMEl»T PDK2 ft 



; 6 #H (integrin - linked kinase , ILK) ^ 
Ser473 «|f^ .iSKj^fWII 

PKB W^m^t ... ^mif top-SiitlftJI ILK, 

M'j &t47i$nmttmmM° &4# [8] ^& pkb w 
^^#^^^M||,ffc!t mm-t^Mm^M wis 

\ W ^21$: in PKBa) M^fft^ . ^MW^MWil'- Src 
2.3 4«^PKB-M SlflSft PKB MMflrt* 

BMfcWftfflff-^ifilW^*. pkb #SW#-TO-iH 

SWM^TM o Balendran # [6] ffl okadaic acid ^IcSM 
Sw/ThrMBIWM^a^lfSW.PiB HififlStK 

M pbk mm#/b o site .fgiiKM pp2a tg 
^^^T^m^w^ii^iswf!! pkb o 

PBKMflSW&il§##Sfc Ser473 fP Thr308 Wffl 

PKB % 

m mKfflftmmmft&mwum pdki m. ^ 

okadaic acid - sensitive $fStHl^ Ser473 ^MMfo M 
PKB m*&%&mcP m - m.® Ihr308 

watmmsL m pdki rti . 

3 PKBW£&96?frf& 

3.1 PKB -^lfflJ!&#^ (cell survive) PKB ^ 
MP^f^SWM-a^tMWiM - 3 (glycogen synthase kinase 

- 3 ,gsk3) E,mm [n] . ^Espjffl/>jw#«iBij»aff w 
»t igf - 1 zmmtk-km^M 

»W^4feH^ail5f--#5F«ll ; F*ti#«e S6 

#K(P70 ribosomal S6 kinase ,P70S6K) 6<J PBK{f-^- = 

Dudek^ [i3l ^ijB igf - i ^#w/>»«fcttaiiaw# 

ffi^iftif PBK,^-3i@M PKB.'CB^'Sjg 
P70S6Ko ^tft^ifeH^WttfUlT,^® PKB W 

SB*»WT#«aiJfiW#«*.W pkb 

ot&mmmmTM.mtftmt:o *jtbRrm,PKB^ 
igf- i fr^Mwmmm&ffiit&tpmmzimwm , 

pkb jm&m^tommm Mmmmm"™ . 
3^*bj rtmmm&mnfflmmTmmm pkb w 

^-#»^WffE^tTie«!ltn,«!l. ^55Da£;- 16- 
Bfkhrll .FKHRfP AFX^— HWfl^lfttlil 
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ftlH^IT A&mmPk&fr PKB CLUT4 . iS. Wang m lm RM 3T3 - LI + 

—^mMmtm^VC im . M PKB Jtf Ibrkhead S e #G#3ii& Ser473 fP lhr308 ag£5&Pf IHKttft WJf 

mmwLftwmmvm^frmmftit . &— w« ^ jwrttt pkb w^«h&£§'j«i*i . »im 
tt.w&&&.TmwL'¥ 14-3-3 a e mm , mMmm^mm mmm* ,pkb mmmmmm 

3. 2 PKB (BiOISIffiffi GLUT4 »«l*«ISJs*& . 

c nm&fk&Mkmmmtiinm* ,® 0mm . w .mjduch 
%&&mmmm ,»ara*ftifeT*r*fif# » qsk3 «ts$i0r|?Jt PKB#tart-^# . w ang # [17] £ 

^swssii^mm^ ,gsk3 ,^Wy^^^^^—m^m^^&wmm 

GSK3 *ft**9^*fe&lt7G&tt ° GSK3a fP CLUT4 ift/J^ .^WMllP^S^ 
GSK3P WM^ili Ser2Vfn &r9 W^'HS^o PKB ««5IS*/Nft"JtW9l«T— ^SJE- 

pkb m PDK«*lfe^*ii— as. im ,pbk. jebi&ic&ji 313 - li i^mfn/hfi^m£ffl 

PDK.PKB ffi GSK3 ^J»A*1«1!f«F7C-&J^ fl&Jg£3B ,PKBP #813* CLUT4 frM— MtH W . H 

»RjR*+ w— - m ,3e clut4 wasps'* ,«ws w pkb mmitm 

4 (glucose transporter - 4 , CLUT4) %M - PBK IffS^jm* W PDK1 ftfP GLUT4 — j&QtrfWfc ft 

tiiE^ aim &®ftwmmwffi®mm.m . *w » + - hj* ,pkb nm 

mmmtain&mmfa? oAmyfmmmmmmm , ^mmm±u pdki/pde tftjiffts 

ffi^ 0LUT4 *lftj|!*P o 3T3 - LI J5it0£fflJI&+ CLUT4 /h»«f JE&*a#M*fflMIf(ffl 2) = 

ait#*W v PKB j@5<K»*fcsEffiJffi*C<* ,fiBfiP4hSWf 



Insulin Glucose 




Fig 2 Proposed m>del outlining the role played by PKB in the honronal regulation of glucose metablism (from Eric Hajduch et al tl8) ) . 

&mm^ pdki X* pkq WWBIIfcWS^ clut4 H3j pkb ^Sftftlf PIP3 m 3 - PMJIM 

/Jn» + W*ff£& o Eft .Bandjopadhyay ^ 19] *tft ftWtt J*f& ,lTffiJ»«»*ll«tt3aC-*l» • Vol- 
-fHSS ,«t* CLUT4 Wa^fP BtM W W«ttFJS«r lenweider # [21] £WS£ 3T3 - LI jBj&HHJBtt£ai .* 
iRSffH PKB fP PKQ SUM o <B»#k£W ,^#^aa *^3jg&:#3gj£ PBK|*£ffc8Ht'fli3E#7G*P$ 
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SH2 $JllH$$S£lS(Src homology 2 domain - containing 
inositol 5 ' phosphatase , SHIP) #P ffcl i£ — & H „ lit t>Y , 

ship Mm&mi mmrnm ? i m t&mmm ^mapk w 

(D#«J$£ pkb S4fc-M«f*tjsH*Wfts 
ffl :frhR#«Mllllj!SftJ©J»fflJI6+ ,J»#*F5EH 

MiM^WMMH - 1 (insulin receptor sab&tfef 1 ,1RS -"' , 

m&mmsi^j^ wife &«ijg ^iim 

mmtmnmm mws mKmsmm pkb 
iisitftsi. &mm& h 2 02 iwiet^MT 

P38MA1>K^ JffiJH&@gtiU&& PKB WT«$*— 
ffc^EWT«Aff#f-9- o Sffl SB203580 *P1$t1£M 
3c 1=3 H£ 91 ( mitogen - activated protein kinase , 
MAPK)i£#B!f ,H 2 02 WtM-m&m— #BE#i& PKB X 

^M¥S!C pkb «^ffittW*^«/> 
Tdjm-'Wffi*. Jifc^h,3t-^tellWfiE^T 
pkb MMIitWfig o 

Tirosh# [2l) M,#SH1£#;£tBM GLUT4 

{aiBi pkb P70S6K mmWiVc . &®>nm 

zKTJJtsfJRftifffif-^WBilWtWriB pkb 

Cristofano# [22] WW 



»«MB!;M«iMiTEf6«fiwwaiiia i f ,3 - mm 

m@IM«*sPKB fP GSK3 

&iftBJ§ ,fE PDK 



w a fig tP# um 



mm 



3.3 PKB-^fl+0 P110MPBK#ft3E#-7Ca B<J 
PIK3CA «H .^T^'fe'* 3q26 $ . 3[EW££5p|'JW 

#+#r*s . wasem .PKBiitte pkbp mxmm 

tp#TEN -^IfJ^NfiW^Se ,1997 

1 fe'S-t-*0^^^#W«^'fefrtl5^M 10q23 E , 
%$.ifc%xJ2 PTEN (phosphatase and tensin homology deleted 
on chromosome ten) &—ftM£mW&&th&&W8. 

mit o &—mm* pten wKni^tssffl 
j>m-mm&&m-* vrwm&mmu: pip3 

pkb WStt. Bitb.PTEN Mfc£«£*3fcT»1* 
pkb Wig* ,te8HJ&19«£*£1M ^Mf IjSJftSE. 
, PTENiiaWif!l^JS&^-fefPii3i^^t:to^ 

SL^M»^fflJflJW« [24] o ^^D3 PIP3 
SWfc ^Mft«t6 PBKWft^f. PTEN W 

pkb « ,i^Bj pten ^aHgaens* w#f-^*g o m 
mmmM^ pkb pten mm^m^m^, 
mm. ,mm®k%: pten ftau&f)£*r m& pten ja 
fii"FiH pkb mmmvc m pkb ftgu&ft/Ktt bad m 
MW&ftmm. &m pten pip3 
pkb M^mmmwftft&m^ftLMmMm .ta 

(DcrbB2 - crbB3 X* PBK- PKB I3I#B& 



Biwjte»*rettsit*oiifi2 36flc,^ 

^BJ ,^#5JB^ ITfg^iK^*^ PKB fg^T » ffi 3± . iB. crbB2 g #Xt^^^?5^:p<] [25] ,crbB2 



c JH*jHBM phTO#*»^±3 - III 
StW^ pkb SlfciS69lfiigIf» 
J^rtW^^W^flR^ WS5«. ft#^5?t pbk 



o crbB2 ^iffl 

a crbB2 ,S*±tP#^# crbB3 ,0^ 
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crbB3 mm 7 nmmmmmm^m 

PEKMIFM-^TG P85 4 1 SH2 *#Wi$8ffcj£o crbB2 
- crbB3 — Jkfaff&W&M PBK- PKB ifeg • 

ka m [26] %tm &nmmm pbk^m pips , 
pkb s^mh - m&^mm rt* pbk w 

a*^#WATixsfflJftl^«#»lBW4^. 
J«^m$!l#Wtt«T,PKB W###£8Wfctt3(Ett 
ATDC5 iIS5t#Mf*M;ni -° 

PKB W^#»^^fg|lJp^^i o.,;; V;:;;:? 

PKB Wffll^lB^.^^^jfeSBTTfr* pkb W 

^[27] o j&gjg^jg GSK- 3>#mzH&BS3B(ph3S- 
pbodiesterase - 3B ,PDE- 3B) ^Mtor (mammalian target of 
rapamycin) * FKHR. FH MWH&mVsR IRS - 1 ^ • 

mdak&m^mfflm&mm ,pkb -smmmsmmit 

m/ MfiM/DNA BWffiSff/BftjHfct o 

4 MS 

PKB S PBK^ PKB in^lk&Z&lLT MAPK^PKC 
Ras.G^&.PKC *Wft^W*B5f^ffi ,^iit#a— 
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